Coupling Between Limb Tremor and Postural Sway in Parkinson's Disease by Kerr, Graham et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUT Digital Repository:  
http://eprints.qut.edu.au/ 
    
Kerr, Graham K. and Morrison, Steven and Silburn, Peter A. (2008) Coupling between 
limb tremor and postural sway in Parkinson's disease. Movement Disorders, 
23(3). pp. 386-394. 
 
 
    © Copyright 2008 John Wiley & Sons, Inc. 
Coupling Between Limb Tremor and Postural Sway in
Parkinson’s Disease
Graham Kerr, BSc, MPhED, PhD,1,2* Steven Morrison, BPhED, BSc, MPhED, PhD,3 and
Peter Silburn, PhD, FRACP1,2,4
1School of Human Movement Studies, Queensland University of Technology, Queensland, Australia
2Institute of Health and Biomedical Innovation, Queensland University of Technology, Queensland, Australia
3School of Physical Therapy, Old Dominion University, Norfolk, Virginia, USA
4School of Medicine, University of Queensland, Queensland, Australia
Abstract: Increased tremor and postural instability are motor
problems commonly associated with Parkinson’s disease (PD).
Despite the similarity between these oscillatory forms, little is
known about the relation between them, especially for individ-
uals with enhanced tremor. This study was designed to examine
the nature of any relation between center of pressure (COP)
excursions and postural/resting limb tremor of young, older
individuals, and Parkinsonian participants in their different
medication states. The resting and postural tremor for the PD
participants was characterized by a single, prominent peak
frequency between 4 and 7 Hz. The postural tremor for young/
older participants contained smaller peaks between 1 to 4 and
7 to 12 Hz although no prominent peak was seen in their resting
tremor. The AP and ML COP dynamics of all participants was
characterized by a major peak between 0.1 and 0.5 Hz. An
additional peak was observed in the COP output of the PD
participants between 4 and 7 Hz. While no tremor-COP cou-
pling was observed for the young/old groups, coherence anal-
ysis revealed a significant degree of coupling between COP
motion and tremor between 4 and 7 Hz for PD participants.
These results highlight that the amplified tremor in PD can
manifest itself in COP dynamics. This finding may have im-
plications for postural stability for this patient group. © 2007
Movement Disorder Society
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Postural instability leading to falls and injury is an im-
portant and disabling feature of Parkinson’s disease (PD).1,2
Increased rigidity, particularly of the legs and trunk, con-
tributes to postural instability in PD. However, the contri-
bution of tremor to postural instability is less certain even
though both resting and postural tremor forms in the 4 to 7
Hz range are a common motor problem in 70 and 60% of
PD individuals, respectively.3-6
Most neurologically healthy individuals are able to
effectively dissociate their whole body oscillations from
tremor in the distal segments of the upper limbs and vice
versa.7,8 This ability is essential for maintaining an op-
timal degree of coordination and stability.9,10 However, it
is unclear the extent to which this dissociation persists
under conditions where one or more oscillatory forms are
amplified, such as that observed in PD. Certainly, the
effects of tremor have been reported to be observed in
center of pressure measures (COP) during quiet stance.11
Given that PD individuals often exhibit impairments in
balance and an increased predisposition for falling,12-15
any increased coupling between tremulous activity and
whole body postural motion could contribute to the al-
ready increased postural instability.
This study examined the characteristics of, and critical
coupling relationships between, upper limb tremor and
postural sway of normal young and older individuals
plus PD participants in their medication on and off states.
SUBJECTS AND METHODS
Participants
Eight Parkinsonian (3 men, 5 women, 64.7  7.1
years), 12 elderly (7 men, 5 women, 71.2  2.6 years),
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and 12 young participants (6 men, 6 women, 25.7  2.6
years) gave informed consent to participate in accor-
dance with Queensland University of Technology Ethics
guidelines. PD participants were assessed on medication
using the UPDRS-III prior to data collection and only
included in the study if they (1) had resting/postural
tremor consistent with the Movement Disorders Consen-
sus Statement on Tremor Type I/II classification16 and;
(2) had resting/postural tremor which responded posi-
tively to levodopa therapy. All PD patients exhibited
prominent resting and postural tremors bilaterally in both
the forearm, hand, and finger segments and had no dys-
kinesias. No tremors within the trunk or lower limbs
were observed. Table 1 contains a clinical description of
the PD participants.
Procedure
PD participants were tested on two (nonconsecutive)
days to ascertain their responses on and off medication
(18 hours without treatment). Young and elderly partic-
ipants were tested on a single day.
All participants stood on a force plate while they
performed a pointing task. Their selected arm was held
parallel to the ground, shoulder flexed to 90° in the
sagittal plane, elbow fully extended, forearm pronated,
and wrist held in the neutral position (palm downwards).
The index finger was extended at the metacarpophalan-
geal joint with the thumb adducted and remaining fingers
forming a loose fist. Resting tremor was measured from
the contralateral arm which was allowed to hang relaxed
and unsupported by their side.17,18 Both left and right
arms were tested in the resting and postural tremor con-
ditions. The task goal for each condition was to focus on
the index finger and attempt to minimize the motion
there. Six 30 second trials were performed for each
condition.
Upper limb tremor was assessed using four light-
weight Coulbourn uniaxial accelerometers (V94-41,
range 10 g) amplified through a Coulbourn strain
gauge transducer coupler (V75-25A). Accelerometers
were attached to the superior aspect of both upper limbs
on the hand (middle of third metacarpal) and index finger
(dorsal distal aspect), so the measurement axis was per-
pendicular to the ground during pointing. Prior to testing,
each accelerometer was calibrated by zero balancing in
DC mode on a level surface. Simultaneous measurement
of COP excursions in the anterior–posterior (AP) and
medio-lateral (ML) direction were collected using a
Bertec force platform (BP5050). All accelerometer
and force plate data were collected at a sample rate of
100 Hz.
Data Analysis
Acceleration and COP data were filtered using a sec-
ond-order low-pass Butterworth filter (cutoff frequency
40 Hz). Frequency analysis was undertaken using
Welch’s averaged, modified periodogram method (0–40
Hz range; window size 512 points; binwidth 0.1953 Hz).
All data analysis was performed using custom software
developed in Matlab version 7.0 (MathWorks). Depen-
dent measures calculated were: peak power, frequency at
which peak power occurred (peak power frequency,
PPF), and proportion of total power (0–40 Hz in 0.5 Hz
bins) associated with each major peak band.
Critical coupling relations (postural-resting tremor;
tremor-AP/ML COP; AP-ML COP) were assessed using
cross-correlation (Pearson product moment) and coher-
ence analyses. The peak correlation coefficient was con-
ducted with a time lag of 5 seconds. Peak coherence
was assessed between 0 and 40 Hz (binwidth 0.1953 Hz).
To determine whether the peak coherence value for any
two signals was significantly different from zero, a 95%
confidence interval was calculated.19
To determine differences in the tremor and COP mea-
sures between the young, elderly, and PD subjects (in the
different medication states), a repeated measures, mixed
TABLE 1. Individual details of Parkinson’s participants
Subject Gender Age
Disease
duration. From
first PD
diagnosis (yr)
UPDRS
III H&Y
Daily levodopa
equivalent
(mg)
1 M 71 3 6 1.5 900
2 M 72 8.5 12 2.5 1,845
3 F 56 10 8 2.0 500
4 M 71 2 8 1.5 750
5 F 65 9 26 2.5 300
6 F 56 9 14 2.0 460
7 F 69 6 16 2.5 400
8 F 58 10 12 2.0 360
UPDRS-III, Unified Parkinson’s disease rating scale motor score; H&Y, Hoehn and Yahr stage.
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generalized linear model (GLM) was used. A four-way
model was used to identify differences due to the
between group factor of group (young, elderly, PDON,
PDOFF medication), and the selected within group fac-
tors (tremor type—resting or postural; segment—hand
or index finger; limb used—right or left). Significant
interaction effects were explored using planned con-
trasts (one-way ANOVA’s and t-tests using Bonfer-
roni corrections). All statistical analyses were per-
formed using SAS statistical software (SAS Institute,
Cary, NC), with the risk of Type I error set at P  0.05.
RESULTS
Resting and Postural Tremor Dynamics
Figure 1 contains individual examples of resting and
postural tremor for the index finger and the respective
power spectral profiles for each group. The resting and
FIG. 1. Representative postural and
resting tremor traces (left column) and
respective power spectral density (PSD)
(right column) plots for a single young,
elderly subject and PD patient (on and
off medication).
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postural tremors for the PD group contained a single
dominant frequency peak within the 4 to 7 Hz range,
which was associated with the majority of power
(72–85%). These tremor signals were also character-
ized by the presence of multiple harmonics in the
spectral profile.
Resting tremor for young and elderly participants
was broadband in appearance with no single peak
being prominent or contributing more than 20% of the
total power. Their postural tremor contained promi-
nent frequency peaks between 2 to 4 Hz and 8 to 12
Hz. For the index finger, the majority of power in the
tremor was associated with the 8 to 12 Hz component
(50–57%).
Frequency analysis revealed differences between
groups in tremor amplitude (peak power), proportional
power, and peak power frequency (PPF) for both tremor
forms (Postural tremor: peak power F3,38  3.68; PPF
F3,38  22.53; proportional power F3,38  4.18; Resting
tremor: peak power F3,38  6.15; PPF F3,38  17.49;
proportional power F3,38  5.02; all P  0.05). Planned
contrasts revealed that the PD group had greater ampli-
tude and proportional power for both resting and postural
tremor than the young and older groups. Furthermore,
the peak power of both the resting and postural tremors
for the PD participants was greatest in their off medica-
tion state (Table 2). Planned contrasts revealed that PPF
occurred at a lower frequency for the PD participants (for
both medication states) in comparison to the young and
old participants. No significant changes in PPF were
observed for the PD participants between their different
medication states (Table 2). Similarly, no difference in
TABLE 2. Peak power and frequency of peak power (PPF) values for postural and
resting tremor averaged across limbs for each PD Patient on and off medication
Subject Tremor form Limb segment
PPF (Hz)
Peak power
(m s2)2
On Off On Off
1 Resting Hand 4.90 5.23 0.78 1.13
Finger 5.42 5.65 5.18 12.38
Postural Hand 5.95 5.66 79.63 160.62
Finger 5.91 5.69 1,085 1,344
2 Resting Hand 5.39 5.02 1.44 12.61
Finger 5.56 5.13 9.3 84.17
Postural Hand 6.18 6.10 1.36 2.24
Finger 6.60 6.14 24.21 41.65
3 Resting Hand 5.03 4.91 1.12 2.84
Finger 5.23 4.74 1.76 11.15
Postural Hand 5.03 5.45 0.56 0.95
Finger 5.78 5.82 1.6 4.07
4 Resting Hand 4.71 6.54 0.8 0.86
Finger 5.69 6.61 3.98 4.73
Postural Hand 6.73 6.82 6.16 7.76
Finger 6.53 6.86 116 124
5 Resting Hand 4.28 5.03 30.29 200
Finger 4.18 5.02 4,668 1,666
Postural Hand 4.77 4.80 14.36 82.45
Finger 4.25 5.29 169 1,183
6 Resting Hand 4.44 4.61 0.15 1.04
Finger 6.40 6.18 0.82 2.45
Postural Hand 3.46 5.61 0.14 0.21
Finger 6.50 6.60 0.81 1.28
7 Resting Hand 3.72 4.01 65.03 82.46
Finger 3.66 3.92 145.5 210.7
Postural Hand 4.18 4.61 164.6 1,816
Finger 4.67 4.61 566.8 4,556
8 Resting Hand 4.61 4.38 111 86.43
Finger 4.58 4.80 121 191.4
Postural Hand 4.54 4.33 0.31 8.28
Finger 4.61 5.13 1.33 51.62
Group means Resting Hand 4.64 4.96 27.2 73.49
Finger 5.09 5.25 619.1 272.6
Postural Hand 5.11 5.55 33.4 259.9
Finger 5.61 5.77 245 913.4
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PPF was observed between the young and old partici-
pants (P  0.05).
A significant group by segment (hand, finger) interac-
tion was obtained for postural tremor (peak power F3,38
 5.11; proportional power F3,38  9.27; P  0.05) and
resting tremor (peak power F3,38  7.17; proportional
power F3,38  3.05; P  0.05). For postural tremor,
planned contrasts revealed that finger tremor was greater
than hand tremor for all groups. For resting tremor, only
the PD group had greater finger tremor than hand tremor
(P  0.05). No differences in the resting tremor between
the hand and finger were obtained for young or elderly
subjects. No limb effect was observed for either postural
or resting tremor.
Postural COP Dynamics
The COP excursions in the AP and ML directions for
all participants were characterized by a single frequency
peak within the range 0.1 to 0.5 Hz. All participants
exhibited greater postural motion, as evidenced by peak
power measures, in the AP direction than the ML direc-
tion. Figure 2 illustrates ML and AP excursions and
FIG. 2. Representative example of AP
and ML COP excursions (left column)
for a single young, elderly subject and
PD patient (on and off medication) and
the respective power spectral plots (right
column).
390 G. KERR ET AL.
Movement Disorders, Vol. 23, No. 3, 2008
respective power spectral profiles for a single young,
elderly, and PD patient (on and off medication).
Significant between group differences were found in
the amplitude (peak power) and proportional power of
the AP and ML COP excursions (peak power F3,38 
5.60, proportional power F3,38  8.41; all P  0.05).
Planned contrasts demonstrated that PD participants ex-
hibited greater peak power (Table 3) and proportional
power in both the ML and AP directions than the young
and older participants. No differences between young
and old participants were observed. Planned contrasts
also revealed that, relative to the young and older groups,
the PD groups exhibited significantly greater propor-
tional power in the 4 to 7 Hz range in both the ML and
AP directions where between 5 and 10% of the total
signal power was observed.
Contralateral Limb Tremor Coupling
Cross correlation and coherence analyses did not re-
veal any significant degree of coupling between con-
tralateral (left–right) limb segments. Typically, contralat-
eral tremor coupling relations were low for all groups (r
values0.17; peak coherence values0.12) and did not
change for the PD participants as a function of their
medication state.
Postural AP-ML COP Coupling
Cross correlation analysis revealed significantly dif-
ferent levels of coupling between AP and ML COP
excursions for each group (F3,14  3.22, P  0.05).
Figure 3 depicts that the young and elderly showed
moderate positive correlation patterns (r range Young
0.09–0.11; Elderly 0.39–0.40) while PD participants
exhibited strong negative correlations (r range 0.14 to
0.40). The degree of negative coupling increased sig-
nificantly for the PD participants in their off medication
state (r range 0.62 to 0.79).
Coherence analysis revealed a high degree of coupling
(significantly greater than 0) between the AP and ML
COP measures in the 0.1–0.5 Hz range for all groups
(peak coherence range 0.4–0.52). Although no signifi-
cant differences in the strength of the coupling relations
were observed between groups within the range 0 to 1 Hz
(P  0.05), a significant coherence peak was observed
between 4 and 7 Hz for the PD participants only (F3,14
12.56, P  0.05). Planned contrasts revealed that the
strength of this coupling relation did not alter signifi-
cantly for the PD participants as a function of their
medication state. Young and elderly participants exhib-
ited no significant coherence peak above 1 Hz. Examples
of AP-ML coherence profiles for each group are shown
in Figure 4.
FIG. 3. Mean peak cross correlation values for AP-ML COP coupling
relations. Error bars represent one standard error of the mean.
TABLE 3. Peak power and frequency of peak power (PPF)
for centre of pressure (COP) movement in the
anterior–posterior (AP) and medio-lateral (ML) direction for
each PD Patient on and off medication
Subject COP
PPF (Hz)
Peak power
(m s2)2
On Off On Off
1 AP 0.375 0.388 111.43 425.1
ML 0.359 0.294 198.54 846.23
2 AP 0.409 0.310 45.65 121.65
ML 0.294 0.229 53.54 144.85
3 AP 0.474 0.441 94.22 317.35
ML 0.261 0.343 123 1,368
4 AP 0.278 0.277 313.9 541.21
ML 0.245 0.228 1,413.6 2,342.9
5 AP 0.181 0.311 170.85 2,795.13
ML 0.224 0.245 531.76 1,338.9
6 AP 0.294 0.316 65.58 228.45
ML 0.243 0.212 431.26 581.6
7 AP 0.212 0.245 119.66 1,716.08
ML 0.260 0.310 343.15 1,364.49
8 AP 0.441 0.311 91.4 221.04
ML 0.262 0.212 417.07 411.52
Group means AP 0.346 0.349 111.4 500.6
ML 0.264 0.259 392.1 731.29
Group means AP 0.333 0.325 126.58 795.75
ML 0.269 0.259 438.99 1,049.81
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COP-Tremor Coupling
Cross correlation analysis revealed no evidence of any
significant relation between the postural motion in either
dimension (AP or ML) and either resting or postural
tremor across all groups (all r values:  0.05). However,
coherence analysis showed a significant degree of cou-
pling between tremor and AP/ML COP excursions (F3,14
 9.82, P  0.05). Planned contrasts showed this effect
was only observed for the PD participants between 4 and
7 Hz and remained similar both on and off medication.
Examples of the finger tremor and AP/ML COP coher-
ence profiles are shown in Figure 4.
DISCUSSION
This study examined the relation between resting/
postural tremor and postural stability measures in young,
elderly, and Parkinson’s disease participants. Coherence
analysis revealed a significant degree of coupling be-
tween tremor and postural COP measures for the PD
participants between 4 and 7 Hz. In contrast, there was a
lack of any strong coupling for the young and older
participants.
Tremor and COP Dynamics
The resting and postural tremor for the PD participants
was characterized by a dominant frequency peak located
between 4 and 7 Hz, a finding consistent with previous
research.3,4,17,18,20 Additional peaks in both the resting
and postural tremor profiles were observed above this
frequency range,21-23 although the power associated with
these components was less than 10% of the total tremor
signal. For the young and older groups, resting tremor
did not exhibit any prominent frequency component.
Their postural tremor was more broadband in appear-
ance, with the majority of power within discrete bands of
1 to 4 Hz and 7 to 12 Hz.
The COP showed a similar frequency profile across all
groups within the lower frequency ranges (0–1 Hz) with
a prominent peak between 0.1 and 0.5 Hz. This suggests
that similar underlying mechanisms are responsible for
FIG. 4. Coherence plots for AP-ML coupling (top) and postural finger tremor-COP relations (bottom) for a single young, elderly and PD patient (on
and off medication). Horizontal line is the 95% CI for a coherence level significantly different from 0 (0.149).
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these movement properties. Because most of the motion
occurs about the ankle joint during quiet standing, it is
likely that the similarities in resonant frequencies reflect
comparable mass-length properties of the oscillating ef-
fector(s) between participants.24 However, PD partici-
pants had greater amplitude (peak power) of the fre-
quency content within the 0.1 to 0.5 Hz range which
indicates that they exhibited increased postural instabil-
ity in comparison to the young and elderly partici-
pants.25,26 It has been proposed that this increase may be
attributed to influences arising from leg muscles rather
than upper body or limb movements.11
Postural Sway-Tremor Coupling
Critical coupling analysis revealed no significant level
of coupling between tremor in contralateral limb seg-
ments or between postural motion and tremor for the
young or older participants. Neurologically healthy par-
ticipants, irrespective of age, effectively dissociated os-
cillations from the postural control system or limb tremor
from impacting on each other.
This extends previous research which has shown that
the tremor in one limb is unrelated to that in the opposite
arm or the upper trunk,7,27,28 and that this independence
is preserved when the tremor in one limb is physically
amplified through fatigue or restrictions to joint mo-
tion.29,30 It further supports research that indicates that
the oscillations observed within each limb are centrally
derived from bilateral neural structures17,28,31-33 which
preserve a degree of independence between limbs.
Control of postural sway in the AP and ML direction
appeared to be achieved in an independent manner9,34-36
for the young and older participants as evidenced by the
coherence and correlation analysis. However, the nature
of the coupling relations was different for PD partici-
pants who exhibited a pronounced negative relation be-
tween AP and ML COP oscillations and significant
AP-ML coherence within the 4 to 7 Hz range. These
results indicate that the PD participants adopted a differ-
ent balance control strategy than the young or older
people.
The lack of strong coupling relations between limb
tremor and postural sway in the young and elderly
individuals suggests that their control of postural sta-
bility is performed in an independent manner to that of
their control (minimization) of upper limb tremor.
However, during quiet standing, the COP profile for
PD participants contained, in addition to the increased
power below 1 Hz, a smaller but prominent peak
around 4 to 7 Hz. The most likely origin of this peak
was the tremor in the upper limbs, given that the
results of the coherence analysis revealed a high de-
gree of coupling between COP and limb tremor at this
higher frequency. This provides further support for
studies which have highlighted the possibility of
tremor and COP dynamics being coupled in this
population.11,25,26
The increased rigidity commonly associated with
PD11,37 may contribute to the increased level of coupling
between postural sway and tremor. Increasing trunk stiff-
ness has been associated with increased postural insta-
bility, even during quiet stance.38 In neurologically
healthy participants the trunk may perform a damping
function during standing to ensure tremulous and pos-
tural related oscillations do not interact, similar to that
reported during walking where the trunk acts as a low
pass filter for the attenuation of gait related oscilla-
tions.39,40 However, whether these effects may also be
partly attributed to differences in postural sensorimotor
control loops11 has yet to be determined.
The occurrence of this tremor peak within the postural
sway profile has potential implications for the mainte-
nance of an optimal degree of balance and stability.25,26
Although the tremor peak accounted for only 5 to 10% of
the power in the COP movement, this was in addition to
a greatly increased power in the 0 to 1 Hz range and
could exacerbate an already unstable postural control
system.
CONCLUSIONS
The COP of PD patients exhibited a prominent 4 to 7
Hz frequency peak which was highly correlated with
postural/resting tremor in the upper limbs. Although this
study was confined to PD patients with bilateral tremor,
the emergence of 4 to 7 Hz tremulous oscillations in the
COP dynamics, in addition to increased 0 to 1 Hz oscil-
lations, may contribute to the increased postural instabil-
ity in this population.13-16
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